Surgical biopsies of the heart and early needle "biopsies" at necropsy now permit ultrastructural investigations into many cardiac conditions. There are, however, very few such studies on normal human myocardium and none are available on human or animal endocardium. The commonest surgical specimens from the heart are from the left or right atrial appendages, and this material has been used to study normal structure, as a baseline for the investigation of cardiac diseases such as rheumatic heart disease and fibro-elastosis, etc. For obvious reasons, it is difficult to obtain fresh material from "normal" hearts, and specimens were selected for electron microscopy which were within normal limits on the light microscope (Lannigan, 1959) .
MATERIAL AND METHODS
Three left atrial appendages and three right appendages have been extensively examined. The left atrial appendages were obtained from one case of bronchial carcinoma and two cases of calcific aortic stenosis with no mitral valve disease (ages 38, 47, 61 years) and the right atrial appendages were from cases of congenital heart disease (ages 14, 24, 27 years). The specimens were collected immediately after removal and a strip of tissue a few millimetres wide was cut around the whole circumference. The strip was moistened with 1 per cent buffered osmium tetroxide, and small blocks 1 x 1 x 1 mm. were cut with a razor-blade from various areas around the circumference. The blocks included endocardium and a narrow zone of myocardium. Approximately 20 blocks were taken from each specimen, fixed in 1 per cent cold buffered osmium tetroxide for 30 to 45 minutes, and after dehydration, which included treatment with 1 per cent phosphotungstic acid in alcohol, they were embedded in methacrylate and araldite.
Thick sections were cut on a Huxley ultramicrotome, and orientation of the tissue was made so that the sections passed at right angles to the endocardial surface.
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Thin sections were then cut and examined on an A.E.I. E M 6 electron microscope.
For light microscopy, blocks of the whole circumference were embedded in paraffin and sections were stained with Ehrlich's hTmatoxylin and eosin, van Gieson's stain, Lawson's modification of the WeigertSheridan elastic stain, the periodic-acid Schiff reaction, and Hale's dialysed iron.
RESULTS
Light Microscopy
The structure of the left atrial wall has been described by Koniger (1903) , Nagayo (1909 ), Von Glahn (1926 , and Gross (1935) , and the structure of the atrial appendages, which was shown to be similar to that of the atrium, was described by Waaler (1952) , Lannigan (1959) , and Ling, Wang, and Kuo (1959) .
Two main layers can be distinguished, (i) the endocardium proper which is avascular apart from penetrating Thebesian veins and (ii) the subendocardium which contains blood vessels (Fig. 1) . According to Becker (1964) , the subendocardium, in contrast to the endocardium, arises embryologically in common with the myocardium. The distinction between the two layers is more evident in the early years of life (Gross, 1935 collagen fibres, and the main distinguishing feature is the presence of capillaries. This layer is continuous with the myocardial septa. A few isolated cells can be seen in the endocardium and subendocardium but are more frequent in the latter.
Electron Microscopy Endocardium (a) Endothelial cell layer. This single layer of endothelial cells faces the lumen at one side and a basement membrane at the other. In sections perpendicular to the surface the cells appear flat and are wider at the site of the nucleus (Fig. 2) . The cell membrane is irregular on the side of the lumen and sometimes projects to form short villi. Close cell junctions, which are arranged in an interlocking manner, are present between adjoining cells and usually occur in the flat portion. Pinocytic vesicles, in variable numbers, and thin filaments are seen in pale cytoplasm. Other organelles include small numbers of mitochondria, very occasional lipid droplets, and variable numbers of roughsurfaced tubules of endoplasmic reticulum. Occasionally there are large vacuoles and the lining membrane is continuous with the cell membrane on either side of the cell (Fig. 3) .
The finely fibrillar basement membrane underlying the endothelium separates the endotheLial cells from the subendothelial layer ( Fig. 2 and 3) , and at the endothelial ceLl junctions it passes from one ceLl to the other.
(b) Subendothelial layer. This is a narrow layer of connective tissue devoid of elastic fibres ( Fig.  3 and 4 (Fig. 4) . On rare occasions fibroblasts and areas of collagen fibrillogenesis are seen.
(c) Elastic layer. The beginning of this layer is marked by the appearance of elastic fibres (Fig. 4) , which increase in size and complexity as they approach the subendocardium (Fig. 5) (Fig. 5) .
Collagen is usually present in the form of fibre arranged parallel to the endothelial surface. The periodic banding is more distinct and sub-periodic bands are better resolved. The diameter of the fibrils is larger than in the subendothelial layer (250-350 A.U.); the periodicity measures 450-540 A.U., focal increases in the diameter of the fibrils being commonly noted at the main band regions. Collagen fibres contain fibrils which run parallel to, and at regular distances from each other (Fig. 6 ).
The number of fibrils in a fibre is variable, the fibrils being of uniform thickness.
Areas of collagen fibrillogenesis are present in the neighbourhood of fibroblasts. Thin collagen fibrils showing indistinct periodicity and not arranged in an orderly fashion are present together with long thin filaments showing no periodicity (Fig. 7) . The latter are occasionally beaded and appear to be developing collagen filaments.
An interrupted layer of smooth muscle cells is present in the elastic layer near to the subendocardium: these cells nearly always lie in groups several cells thick arranged in one direction with a characteristic ultrastructure. In longitudinal section they are spindle-shaped with tapering ends; and one or two nuclei are situated in the wider central portion (Fig. 8) Cells identified as fibroblasts, undifferentiated cells, and occasional macrophages are present; as these are more commonly found in the subendocardium, they will be described later.
Subendocardium
There is no clear-cut dividing line between the endocardium and the subendocardium, the main characteristics of which are the presence of vascular elements, mainly capillaries, and the occurrence of thick collagen and elastic fibres with wide spaces between (Fig. 5) . The elastic fibres are large and complex, but immediately adjacent to the myocardium they are very small. The collagen fibres contain large numbers of fibrils of the thick type (250-450 A.U.) with periodicity 500-580 A.U., and the banding distinct. Areas of collagen fibrillogenesis are much commoner in this region, and fibroblasts are usually present in the vicinity.
Vascular elements. The majority of vessels are capillaries of various types (Fig. 9) (Fig. 10) , and the nucleus is relatively flat or oval in shape.
Two types of fibroblasts can be recognized: the first has thin cell processes, frequently very long, and a generally ill-defined or interrupted cell membrane. The cytoplasm contains numerous filaments and occasional vesicles, vacuoles, and granules of various sizes. Because the cytoplasm is fibrillar and the cell membranes are ill-defined or sometimes absent, it is sometimes difficult to be certain if some areas consist of cytoplasm or of extracellular fibrillary material (Fig. 11) (Fig. 13) . There are more mitochrondria than in fibroblasts and variable numbers of rough and smooth-surfaced tubules of endoplasmic reticulum.
DISCUSSION
Endothelial Cells. The endocardial endothelial cells are similar to other vascular endothelial cells in the subendocardium, and correspond to descriptions of endothelial cells in large arteries (Buck, 1958) , small arteries (Moore and Ruska, 1957) , and of capillaries (Palade, 1961; Fernando and Movat, 1964 (Gross, 1956; Porter and Pappas, 1959; Chapman, 1961) . Elastic Tissue. The increase in size and complexity of elastic fibres forms a useful guide to position in the endocardium. Although the structure of elastic tissue is poorly characterized, fibres can be recognized without difficulty, and except for occasional lines and dots in a few of the larger portions, the elastica was homogeneous in appearance, lending support to the view of Cox and Little (1961) . We found no evidence of a two-component system of fibrils and amorphorous substance.
Smooth Muscle Cells. The endocardial smooth muscle cells are similar to those described in other situations. Only one type of filament is found in contrast to striated muscle (Shoenberg, 1958) . Intercellular bridges have also been described (Mark, 1956; Thaemert, 1959; Harman, O'Hegarty, and Byrnes, 1962) , and it has been claimed that cytoplasmic contents-except myofilaments-pass between cells at these bridges, but though we have observed these bridges, we did not note any "partial syncytium", as close cell junctions always intervened. This is in agreement with the findings of Bergman (1958) .
Close contacts between nerve fibres and smooth muscle cells have also been previously described (Caesar, Edwards, and Ruska, 1957; Choi, 1963; Merrillees, Burnstock, and Holman, 1963) and some have considered these to form a type of neuromuscular junction.
Other Cells. The difficulty in distinguishing the connective tissue cells is accentuated by the fact that these cells show variable morphology. Identification becomes partly subjective, and reliance has to be placed on circumstantial evidence and on minimal limits of morphological characterization.
Fibroblasts. Fibroblasts exhibit variable morphology (Chapman, 1962; Moore and Shoenberg, 1960) , and this variation may be related to their activity (Peach, Williams, and Chapman, 1961; Zelickson, 1963) . Difficulty in distinguishing fibroblasts from histiocytes has been experienced by Chapman (1961) and from undifferentiated cells by Movat and Fernando (1962) . The ill-defined cell membrane of fibroblasts in some cases may be due to the close contact of cell membrane to developing collagen filaments, a picture similar to the " marginal condensation" described by Yardley et al. (1960) , but in other instances the ill-defined membrane seemed to be genuine and due to absence of the membrane at some areas. It is thought that cell wall disruption is a method by which fibroblasts shed their collagen units, among other substances, into the extracellular spaces (Chapman, 1961; Zelickson, 1963) .
SUMMARY
The ultrastructure of the normal atrial endocardium is described. The endothelium is similar to other vascular endothelial cells; the subendothelial layer contains thin collagen fibrils with indistinct periodicity which may be misinterpreted as fibrin.
The elastic layer consists of collagen and elastic fibres which show variations in structure at different positions.
The subendocardium contains capillaries, metarterioles, and arterioles accompanied by nerve axons. The endocardium is avascular.
The smooth muscle cells have a structure similar to that in other situations.
The connective tissue cells are described; they consist of fibroblasts, macrophages, and undifferentiated cells. Areas of collagen fibrillogenesis have been noted and these are more frequent in the subendocardium.
